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$(0,0)$ $(X, T)$ $\Phi(X, T;0,0)$
$\Phi(X, T;0,0)=\sum_{(X_{1}T)arrow(0_{i}0)}e^{iS}=\sqrt{\frac{1}{2\pi iT}}\exp(i\frac{X^{2}}{2T})$ (1)
( $m/\hslash=1$ )o $S$
(1)
[2]






















$i \frac{\partial\Phi(X,T;0,0)}{\partial T}=-\frac{1}{2}\frac{\partial^{2}\Phi(X,T;0,0)}{\partial X^{2}}$ (3)
$\lim_{Tarrow 0}\Phi(X, T;0,0)=\delta(X)$ (4)
$\partial\Phi$ $(X, T)/\partial T\approx(\Phi(X, T+\Delta T)-\Phi(X, T))/\triangle T$
(3)
$\Phi(X, T+\Delta T)=(1-\gamma i)\Phi(X, T)$
(5)
$+ \frac{\gamma i}{2}\Phi(X-\Delta X,T)+\frac{\gamma i}{2}\Phi(X+\Delta X, T)$ , $\gamma\equiv\frac{\Delta T}{(\triangle X)^{2}}$
$\Phi$$(X, T;0,0)$ $\Phi$ $(X, T)$ $\gamma$ $0$ (
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) (5) (3) $\gamma$ $\Delta$X $arrow$ 0
diffusion limit Lim (5)
$\Phi$
$x \equiv\frac{X}{\Delta X}$ , $t \equiv\frac{T}{\Delta T}$ (6)
$(X,T)$ $[x,t]$ $(X, T)$
$[x,t]$ $\Phi$ $(X, T;0,0)$ $u[x, t;0,0]$
$\Phi(X, T;0,0)=$ Lim$\frac{1}{\Delta X}u[X/\Delta X, T/\Delta T;0,0]$ (7)
(4) $u$
$u[x, 0;0,0]=\delta_{x_{1}0}$ (8)
(7) $1/\Delta X$ (4) (8) (7) (5)
(5) $u$
$u[x,t+1;0,0]=(1- \gamma i)u[x,t;0,0]+\frac{\gamma i}{2}u[x-1, t;0,0]+\frac{\gamma i}{2}u[x+1, t;0,0]$ (9)
(8) (9) $u[x, t;0,0]$ (7)
$u[x, t;0,0]$
(9) (9) (8) (3) (4)
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$t=0$ $x=0$ $t=1$ $x=0,$ $\pm 1$







Lim $[ \frac{1}{\Delta X}(\sum_{)}\mu(path))_{x=X/\Delta X}]=\Phi(X, T;0,0)$ (11)
(2)
(11) $\Sigma$
(7) (11) (7) (11)
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Lim (11)
$[0,0]$ $[x,$ $]$ $\uparrow$ , $\nearrow$
$s$ $\uparrow,$ $r$ $\nearrow$
$s+r+l=$ r-Z $=x$ r $=$ ( $s$ /2 1 $=$ $($ $s-x)/2$
$r$ 1 $s$ $s$ $\uparrow$ $\mu$(path)
$\mu$ (s)
$\mu(s)=(1-\gamma i)^{s}(\frac{\gamma i}{2})^{(t-s+x)/2}(\frac{\gamma i}{2})^{(t-s-x)/2}$ (12)
$N(s)$ $s$ $r$ $l$
$u[x,$ $; 0,0]= \sum_{s}N(s)\mu(s.)$
$= \sum_{s}(\begin{array}{lll} \text{ }s \frac{t-s+x}{2} \frac{t-s-x}{2}\end{array})(1- \gamma i)^{s}(\frac{\gamma i}{2})^{(t-s+x)/2}(\frac{\gamma i}{2})^{(t-s-x)/2}$
(13)
$\uparrow$ $|x|$ $|x|$ $\uparrow$ $[0,0]$ $[x,$ $]$








$u[x$ , ; $0,0]= \frac{1}{2\pi}\int_{-\pi}^{\pi}d\theta e^{i\theta x}\sum_{s,r,l}(\begin{array}{l}ts,r,l\end{array})(1-\gamma i)^{s}(\gamma ie^{-i\theta}/2)^{f}(\gamma ie^{i\theta}/2)^{l}\delta_{s+r+l,t}$
(17)
$= \frac{1}{2\pi}\int_{-\pi}^{\pi}d\theta e^{i\theta x}(1-\gamma i+\gamma i\cos\theta)^{t}$
(17) — (8) (9)
— (9)
$u[x,t;0,0]= \frac{1}{2\pi}\int_{-\pi}^{\pi}d\theta e^{i\theta x}\tilde{u}[\theta, t]$ (18)
(9) $\tilde{u}[\theta,$ $]=$ (1 $\cos\theta$ ) $\tilde{u}$ [$\theta$ , 1] (8) $\tilde{u}[\theta, 0]=1$
$\tilde{u}[\theta,\cdot t]=$ $(1-\lambda i$ $\cos\theta)^{t}$ (17) $=$ $u$
$u$ (13)
(13) (17) (17) $\theta$ $\backslash$
$\theta$ (16) $r-l=x$
(11) (6) (17) $=$ $\Delta$X
$\theta$ $K\equiv\theta/\Delta X$
$\frac{1}{\Delta X}u[X/\Delta X, T/\Delta T;0,0]=\frac{1}{2\pi}\int_{-\pi/\Delta X}^{\pi/\Delta X}dKe^{iKX}(1-\gamma i+\gamma i\cos K\Delta X)^{T/\Delta T}$ (19)
(11) $[]$ Lim (19)
169
$(-\infty, \infty)$ $\cos$ (hffusion limit
$(l- \frac{\gamma i(K\triangle X)^{2}}{2}+O((\Delta X)^{4}))^{\tau/\Delta T}arrow\exp(-i\frac{\gamma(\Delta X)^{2}K^{2}T}{\Delta T2})=\exp(-iK^{2}T/2)$ (20)









$(X, 0)$ $(0, T)$ $(X,$ $T>0$ $)$ $X\leq 0$
$F(T, X)$ $\Delta$T
$\Delta T$ $X=0$ (Fig. 2) $\Delta$T
$\Delta Tarrow 0$
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$F(T, X) \equiv\lim_{\Delta Tarrow 0}\frac{1}{\Delta T}\sum_{(0,T\in\Delta T)arrow(0,0)}e^{iS}$ (22)
$t_{rightarrow}$







$-1^{\backslash \cdot\backslash }J7.’\not\in ff$
$F_{\dot{1}\#}$ . $2$ o g9 g#sg9
$\lim_{\epsilonarrow 0}\prod_{j=1}^{N-1}\int_{\Delta \text{ }}dX_{j}(2\pi i\epsilon)^{-N/2}\exp(i\sum_{k=0}^{N-1}\frac{(X_{k+1}-X_{k})^{2}}{2\epsilon})$ (23)
$N\equiv(T_{B}-T_{A})/\epsilon$ $X0\equiv X_{A}$ $X_{N}\equiv X_{Bo}(23)$ $(X_{A},$ $T_{A})$ $(X_{B},$ $T_{B})$
$T_{j}$
$\Delta$Xj (23)




$(X_{i}, T_{j})$ $(X_{j+1}, T_{j+1})$ ($T_{i}\equiv$ j $\epsilon$)






$X_{B}<0<X_{A}$ $(X_{A}, 0)$ $(X_{B}, T_{B})$
(TB $>$ 0) $X=0$ $X=0$ 1
(0 $<T<T_{B)}$ $X=0$
$T$ $X=0$ $(0, T)$
$X>0$ $(X_{B}, T_{B})$
$\Phi(T_{B}|X_{B}, X_{A})=\int_{0}^{T_{B}}dT\Phi(T_{B}-T|X_{B}, 0)F(T|X_{A})$ (24)
$\Phi$ $(Xu, T^{//};X^{/}, T^{/})$ $F(T, X)$ $\Phi$ $($T//-T/IX’/, $X^{/})$ $F(T|X)$
U ‘amplitude decomposition”
(24)
$\Phi$ (1) (24) $F$









Lim $[ \frac{1}{\Delta T}(\sum_{[0,t]arrow[x_{2}0]}\mu(path))_{x=X/\Delta X}]$ $(x,t>0)$ (26)
$[x, 0]$ $[0,$ $]$ $x=0$ (Fig.
3 $)$ $f[t, x]$ $f$ $[x, 0]$ $[0, t]$ $x\leq-1$
$F_{l^{\backslash }}\3$ $Fi\ovalbox{\tt\small REJECT}$
$0$ 6 $x=-1$




$=u[0$ , ; $x,$ $0]-u[0,$ $t;-x-2,0]$
(27)
$=u[x,$ $t;0,0]-$ u $[$ $2,$ $;0,0]$
$= \frac{1}{2\pi}\int_{-\pi}^{\pi}d\theta(e^{i\theta x}-e^{i\theta(x+2)})(1-i+i\cos\theta)^{t}$
— $=$ –$=$
$u$ $f$ $[1, t-1]$
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$[0, t]$ f-
f $[$ 1, $x-1]$ $i/2$
$f[$ $, x]= \frac{i}{2}\overline{f}[$ $-1, x-1]$




$Lim\frac{1}{\Delta T}\frac{X/\Delta X}{T/\Delta T}u[X/\Delta X, T/\Delta T;0,0]=\frac{X}{T}\Phi(X, T;0,0)$ (29)

























[8] $\circ$ ( $4(1991)$ )
?
–
$[9]_{0}$ ( Eq. (2-22)
)
“So we feel that the poesible awkwardness of the special definition of the sum over all paths
[as given in Eq. (2-22)] may eventually require new definitions to be formulated.”
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